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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause
serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using
laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and
phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes
in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant
decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day
tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most
profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue
fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses
suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
Keywords: TNT, bioaugmentation, biostimulation, phytoremediation, microbial community.
Reference to this paper should be made as follows: Nõlvak, H.; Truu, J.; Limane, B.; Truu, M.; Cepurnieks, G.;
Bartkevičs, V.; Juhanson, J.; Muter, O. 2013. Microbial community changes in TNT spiked soil bioremediation trial
using biostimulation, phytoremediation and bioaugmentation, Journal of Environmental Engineering and Landscape
Management 21(3): 153162. http://dx.doi.org/10.3846/16486897.2012.721784
Introduction
The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),
has been extensively used for over 100 years, and this
persistent toxic organic compound has resulted in soil
contamination and environmental problems at many
former explosives and ammunition plants, as well as
military areas (Stenuit, Agathos 2010). TNT has been
reported to have mutagenic and carcinogenic potential
in studies with several organisms, including bacteria
(Lachance et al. 1999), which has led environmental
agencies to declare a high priority for its removal from
soils (van Dillewijn et al. 2007).
Both bacteria and fungi have been shown to
possess the capacity to degrade TNT (Kalderis et al.
2011). Bacteria may degrade TNT under aerobic or
anaerobic conditions directly (TNT is source of carbon
and/or nitrogen) or via co-metabolism where addi-
tional substrates are needed (Rylott et al. 2011). Fungi
degrade TNT via the actions of nonspecific extracel-
lular enzymes and for production of these enzymes
growth substrates (cellulose, lignin) are needed. Con-
trary to bioremediation technologies using bacteria or
bioaugmentation, fungal bioremediation requires
an ex situ approach instead of in situ treatment (i.e.
soil is excavated, homogenised and supplemented
with nutrients) (Baldrian 2008). This limits applicabil-
ity of bioremediation of TNT by fungi in situ at a field
scale.
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nutrient content and high salt levels. Steep slopes and 
compaction resulting from construction practices r  also 
challenges in erosion control (Hargett et al. 1982; Coppin, 
Richards 1990; Salon, Miller 2012; Haan et al. 2012).
Faced with the physical and chemical challenges of 
recreating ground cover in mountainous areas, fertilizer, 
topsoil, and mulch are added when seeding to help es-
tablish vegetation. Typically, the seedbed is prepared by 
stockpiling topsoil and removing vegetative debris and 
rocks. Topsoil should have an optimum pH of 5.5 to 7.5, 
organic matter greater than or equal to 2%, soluble salts 
less than 0.5 dS/m, and nutrient (N-P-K) concentrations 
(Salon, Miller 2012).  However, often the stockpiled top-
il does not me t these ideal lev ls. For example, topsoil 
applied at roadside construction sites in West Virginia can 
have organic matter as low as 1.5% (WVDOH 2010), an  
the topsoil might not be suitable for establishing vegeta-
tion. 
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Abstract. Vegetation is often use  to control erosion on righ -of-way co struction sites, but disturbed conditions provide 
challenges. This research evaluated the impact of common techniques for prepari g seedbeds. The study assessed the use 
of topsoil, and the use of a hydraulic erosion-control product was compared t  str w. Experimental seed mixtures were 
evaluated to understand how native and non-native seeds performed. The intent was to identify critical practices to use in 
general seeding and mulching specifications.  plot study was conducted co paring vegetation established during one 
growing season. Treatments included combinations of seed mixture, topsoil treatment, and mulch types. Three seed 
mixtures were considered: (1) currently used mixture, (2) a warm-season experimental mixture, and (3) a cool-season 
experimental mixture.  Plots with topsoil and no topsoil were compared, and both straw and hydraulic erosion control 
products were consider d. Ground cover, compaction, and biomass were evaluated. Results suggest that alternative 
seed mixtures that include native an  low-thre -level sp cies can provide adequate cover to meet permitti g require-
ments in the first growing season. The warm-season seed ixture provided less cover than the other two mixtures 
after eight days, but no differences were determined in ground cover among the three seed mixtures at the end of the 
growing season. Initial germination was improved with hydraulic mulch, but long-term cover was equivalent between 
hydraulic and straw mulch.  Topsoil application would not be recommended if the soil contains undesirable species, 
and the use of organic amendment products may be more desirable than topsoil alone; however, specifications need 
to allow the use of these products. 
Keywords: roadside vegetation, bed preparation, ground cover, topsoil, mulch, environm ntal sustainability.
Introduction 
Preventing soil erosion during road construction in moun-
tainous areas is often a challenge. Roads are constructed as 
a series of cuts and fills, the cuts often have steep slopes 
and narrow benches, and the rock fills are typically mod-
erately sloping, compacted, and composed of unconsoli-
dated material (Rentch et al. 2005). To prevent soil ero-
sion, state agencies typically specify the type of vegetative 
cover and reclamation procedures (e.g., PennDOT 1998; 
NCDOT 2003; VDOT 2007; WVDOH 2010). These speci-
fications are often general, making it difficult to establish 
vegetation in mountainous terrain.
The most common erosion-control practice is to es-
tablish grass, which can reduce erosion by up to 95% com-
pared to a bare surface (Pan, Shangguan 2006). Applying 
vegetative cover is ofte  problematic because m untain 
soils are often mixed with parent material (Rentch et al. 
2005). Therefore, soils may be highly acidic and have low 
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In addition to the application of topsoil, mulch is 
applied during seeding to prevent weeds, reduce evapora-
tion, enrich the soil, moderate surface temperatures, and 
reduce erosion (Gray, Sotir 1996; Steinfeld et al. 2007; Du-
nifon et al. 2011; Storey et al. 2011). Straw is commonly 
used as an inexpensive mulch but has a short life-span and 
can be redistributed by winds (Robichaud et al. 2013). Hy-
draulic erosion-control products may help overcome these 
deficiencies but typically are expensive.
Another concern along highway corridors – the 
spread of invasive species (Mortensen et al. 2009) – sug-
gests that highway agencies need to promote native species 
(Rentch et al. 2005). Although the use of native species 
in revegetation projects has been evaluated (Brindle 2002; 
Skousen, Venable 2008; Bochet et al. 2010), native species 
are uncommon in highway seed mixtures (e.g., WVDOH 
2010). Bochet et al. (2010) showed, however, that native 
seed mixtures could produce twenty times the ground 
cover of conventional seed mixtures. Much of the suc-
cess of native species mixtures comes from the inclusion 
of wildflowers (Morrison 1981; Byler et al. 1993; Ahern 
et al. 1992), but there is limited research on the use of ad-
ditional species (e.g., Skousen, Venable 2008). 
Nonnative species are used in revegetation projects 
because of the ability of grasses to establish quickly and 
provide almost immediate erosion control. Current West 
Virginia regulations for permanent applications include 
five seed mixture combinations of nine species (WVDOH 
2010).  The problem with these seed mixtures is that six 
of the species are considered invasive, and all nine are 
considered introduced or both native and introduced. Be-
cause these mixtures contain invasive and nonnative spe-
cies, native species need to be considered. 
The work described in this article evaluated com-
mon practices used in seeding and mulching at roadside 
locations to highlight limitations and to suggest improve-
ments in establishing vegetation at mountainous construc-
tion sites. We assessed the use of topsoil and compared the 
use of a hydraulic erosion-control product and straw as 
mulch. The use of topsoil could improve the soil proper-
ties and in return increase vegetative cover. Alternatively, 
a soil deficient in the “O” horizon could limit establish-
ment and result in a reclamation failure. Increased estab-
lishment and cover would warrant the selection of one mulch 
over another to reduce erosion and timeframe under state 
and federal permits. Last, the study evaluated experimental 
seed mixtures to determine the capability of a native mixture 
as an alternative erosion-control measure. A native mixture 
that could perform as well and meet current state specifica-
tions could replace current nonnative mixtures that contain 
invasive species, consequently reducing the introduction and 
spread of invasive species. The study as a whole helps to iden-
tify critical practices for states to use in their general seeding 
and mulching specifications. 
1. Materials and methods
1.1. development of experimental seed mixtures
The West Virginia Division of Highways (WVDOH) 
conducts projects based on the “Standard Specifica-
tions: Roads and Bridges,” which was adopted in 2010 
(WVDOH 2010). Section 652, “Seeding and mulching”, 
outlines the approved methods, application, and materi-
als used for seeding and mulching. Our work developed 
experimental seed mixtures to be considered for future 
projects. Seed mixtures were developed based on the eval-
uation of current WVDOH mixtures and recommenda-
tions by the West Virginia Division of Natural Resources 
(WVDNR). An experimental warm-season mixture (Ta-
ble 1) and an experimental cool-season mixture (Table 2) 
were compared to a commonly used WVDOH seed mix-
ture (Table 3). 
Table 1. Experimental warm-season seed mixture; all species 
are native except for common oat
Scientific name Common name 
Rate 
(kg/ha) Description
Poaceae Avena sativa Common oat (Spring) 33.6 Nurse crop
Poaceae Andropogon 










virgatum Switchgrass 7.2 Graminoid
Poaceae Sorghastrum 




























Notes: All species are perennial except the common oat (annual).
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The commonly used WVDOH seed mixture (Table 3) 
is often successful in providing ground cover. It includes 
Kentucky 31 fescue (Schedonorus phoenix), which is a 
threat-level-1 species because it establishes and spreads 
rapidly and may disrupt ecosystem processes and plant 
community composition (WVDNR Natural Heritage Pro-
gram 2009). Because the reduction of the use of invasive 
species on future reclamation projects is desired, experi-
mental seed mixtures were developed for this project. 
The experimental warm- and cool-season mixtures 
contained a nurse crop, graminoids, and legumes. In addi-
tion, the warm-season mixture included forbs. All threat-
level-1 species as defined by WVDNR Natural Heritage 
Program (2009) were avoided because of their invasive 
nature. The following list of criteria was used for species 
selection:
 – Native or nonnative with low invasive characteris-
tics.
 – Occurs in multiple ecoregions.
 – Occurs frequently in West Virginia (50–75% coun-
ty occurrence).
 – Used for erosion control.
 – Competitive native species pricing or low-cost 
nonnative species.
 – Seed available by multiple distributors.
Ernst Seed’s horticulturist Mark Fiely (personal com-
munication, Jan. 13–29, 2015) and Natural Heritage Veg-
etation Ecologist Elizabeth A. Byers (personal communi-
cation, 8 Oct. – 5 Dec. 2014) helped recommend species 
for selection. 
Both the warm- and cool-season experimental mix-
tures were designed to fulfill specific reclamation objec-
tives. The warm-season mixture was composed of native 
species to inhabit cut and fill slopes (Table 1). This native 
mixture is intended for spring planting and to provide a 
positive ecological impact by avoiding the use of nonna-
tive species. The mixture is composed of species with large 
foliage and root growth to interlock the slopes and prevent 
erosion. The cool-season mixture was developed for cool-
season plantings by using minimally invasive, nonnative 
species (Table  2). Native species were not included be-
cause they do not have a short enough germination period 
to establish in the fall. The cool-season nonnative species, 
however, have a short germination period, which makes 
them suitable for late summer and early fall plantings. 
1.2. field testing 
A plot study was completed comparing the vegetation 
established during one growing season (May–October 
2015). Treatments included varying combinations of seed 
mixture, topsoil treatment, and mulch. Specific methods 
are reported in the following sections.
1.2.1. Field plot setup
Seed mixtures and bed preparation techniques were field-
tested in a plot study beside a truck ramp off U.S. 48 in 
West Virginia, USA (N39°13’40.7” W79°9’44.0”). The site 
had a slope of 15.4%, elevation of 560 m, and slope expo-
sure of 170° (south). 
Two replications of the treatments were represent-
ed within 24 subplots (1.75×1.83  m). Treatments were 
formed from a combination of seed mixture (WVDOH, 
experimental cool-season, and experimental warm-sea-
son), topsoil treatment (topsoil or no topsoil), and type of 
mulch (straw or hydraulic erosion-control product, HP). 
Randomization was conducted to assign treatments as 
shown in Figure 1. 
Table 2. Experimental cool-season seed mixture (non-native 
seed mixture)











































trefoil 9.0 Legume 3
Notes: All species are perennial except redtop (annual).








































Notes: All species are perennial except weeping lovegrass (an-
nual).
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1.2.2. Field plot preparation
On April 17, 2015, black plastic was placed over the entire 
plot area (77 m2) to kill the existing vegetation (Fig. 2a). 
Final vegetation removal was performed on May 15, 2015, 
by removing the dead vegetation with steel garden rakes. 
The black plastic was re-installed until seedbed prepara-
tion and planting occurred. 
Seedbed preparation began on May 19, 2015. The soil 
was lightly tilled using a Honda FRC800 tiller, and all rock 
and debris greater than 0.05 m were removed by hand in 
accordance to the WVDOH 652 specifications (WVDOH 
2010). In topsoil-designated subplots, approximately 0.076 
m of the existing base material was removed and placed 
on an adjacent subplot designated as a no-topsoil treat-
ment (Fig. 2b). An approximate depth of 0.15 m of topsoil 
was then added to the topsoil subplots. All subplots were 
levelled and compacted with a 136 kg (300 lb) Sakai PF150 
plate compactor. This compaction mimicked earthwork 
construction. Finally, the soil surface was scarified using a 
steel garden rake to a depth of 0.01–0.03 m (Fig. 2c). 
Fertilizer rates were determined from soil tests. 
2.15 kg of 10-10-10 fertilizer was applied to the no-top-
soil area. Initially, 0.09 kg of 10-10-10 fertilizer was ap-
plied to the topsoil area, but this rate was corrected with 
an additional 3.9 kg after mulching. No lime was added 
because of the results of the soil tests reported a pH of 
8.1, indicating that lime was not needed. Seed-mixture 
application followed the rates shown in Tables 1–3. Each 
subplot received a mixture weight of 32.66 g, 25.68 g, or 
29.73 g for the WVDOH, warm-season, and cool-season 
mixtures, respectively. A steel garden rake was used to 
scuff the surface to promote seed-to-soil contact after the 
seeds were applied.
Arnold’s Custom Seeding, LLC (ACS) applied the hy-
draulic erosion-control product (ProMatrixTM Engineered 
Fiber Matrix, Profile Products) to the HP plots identified 
in Figure 1 at a rate of 3,400 kg/ha. Approximately 17 kg 
of straw was applied over twelve straw subplots (Fig. 2d). 
Tornado TackTM ST-1000 (Profile Products) was then ap-
plied on the straw at a rate of 560 kg/ha (Fig. 2e).  
1.3. data collection and analysis
Each site was instrumented with a WatchDog Tipping 
Bucket Rain Gauge, WaterScout SMEC 3000, and Watch-
Dog 1425 Micro Station.  Air temperature, precipitation, 
soil temperature, and soil moisture content were continu-
ously monitored.  Data were recorded hourly and down-
loaded every two weeks. 
Fig. 1. Subplot layout specifying seed mixture type, soil preparation technique, and 
mulch used (HP – hydraulic erosion-control product)
Fig. 2. Progression of site preparation: (a) spring vegetation kill, (b) topsoil placement, (c) after compaction and scarifying, (d) 
hydraulic mulch and straw application, (e) added tackifier (dashed line denotes the upslope location)
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Ground cover was examined in each subplot by us-
ing a 1×1 m portable point frame with a grid containing 
100 intersections, following procedures by Calloudon 
et al. (1996) and Elzinga et al. (1998). Each intersection 
was classified as vegetated or not vegetated, resulting in a 
ground-cover value that reported the percent area covered 
by vegetation. Measurements were conducted approxi-
mately every two weeks after planting, and the portable 
point frame was positioned in the same location within 
the subplot for each measurement. Concurrently, pictures 
were taken to identify ground cover by species.
A biomass sample was collected from each subplot at 
the end of the growing season. The aboveground biomass 
was clipped at the soil surface with grass shears from a 
0.09 m2 area. The area of clipping was randomly placed 
in the 3.2 m2 subplot area. The biomass was divided into 
categories of planted species and not planted species and 
weighed in the field (SERAS 1994; Franks, Goings 2016). 
A soil sample (top 15.2 cm) was collected from each 
subplot at the end of the growing season.  Samples from 
common treatments were combined and thoroughly 
mixed. The composite samples were analysed by AgSource 
Laboratories-Harris (Lincoln, Nebraska) for organic mat-
ter (OM), pH, N, P, and K. Analytical procedures followed 
the methods reported by AgSource (2006). An agraTro-
nix Soil Compaction Tester (Streetsboro, OH) was used to 
test the compaction of the subplots (ASABE S313.3; ASAE 
EP542). Compaction was tested once at the planting stage 
and once at the end of the study. Erosion factors were vi-
sually inspected and recorded during each visit.
One-way blocked analysis of variance examined 
whether there were any statistical differences in percent 
cover among seed mixtures and treatments (Lyman, Long-
necker 2001). JMP Pro software (v.12.0.1, SAS Institute, 
Cary, NC) was used for all statistical analyses.   
2. results and discussion
It is important to achieve 70% ground cover within a 
growing season because this level of cover is needed in 
the disturbed area to terminate the National Pollutant Dis-
charge Elimination System (NPDES) general water-pollu-
tion-control permit (WVDOH 2003; USEPA 2007). This 
value was considered when evaluating the results. Regard-
less of bed preparation technique, all WVDOH plots, as 
well as all subplots without topsoil, achieved at least 70% 
cover within 34 days. The plots with topsoil were slightly 
delayed likely because of insufficient fertilizer application 
that was corrected 29 days after planting. With this cor-
rection, all plots reached the 70% target quickly, with all 
sites having at least 70% cover after 51 days (Fig. 3). The 
ground cover remained greater than 70% for the rest of 
the growing season for all plots.
Climatic conditions were generally positive for seed 
germination (Figs 4–6), so observed differences are likely 
due to soil preparation and seed selection.  For exam-
ple, there were at least eight storms contributing greater 
than 1 cm of rain in May and June. Typically, a depth of 
0.64 cm of rain is an adequate (Steinfeld et al. 2007). The 
volumetric moisture content of soil was also elevated dur-
ing that period (Fig.  5). Soil temperatures were within 
typical ranges for germination, shoot growth, and root 
growth (Fig. 6); however, soil temperature was more favor-
able for warm-season species that have optimal ranges of 
Fig. 3. Average ground cover over the course of the study period; the dashed line represents 70% 
cover needed to terminate the National Pollutant Discharge Elimination System permit (TS – 
topsoil, NTS – no topsoil, HP – hydraulic erosion-control product, S – straw)
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germination rates compared to nonnative cool-season spe-
cies (Salon, Miller 2012) in the cool-season and WVDOH 
mixtures.  Treatments with the hydraulic mulch (HP) had 
significantly higher ground cover compared to treatments 
with straw (S) early in the study (Table 5). 
Results suggest that native or low-threat-level species 
can be included in future seed mixtures for roadside sites 
and provide a similar level of protection compared to cur-
rent methods. There was no statistical difference among 
the tested seed mixtures and bed-preparation treatments 
Fig. 4. Mean air temperature and precipitation at the field site; 
data are missing because of a malfunction of field-download
Fig. 5. Soil volumetric water content in four subplots: (1) 
TS, HP; (2) TS, S; (3) NTS, S; and, (4) NTS, S. (TS – topsoil, 
NTS – no topsoil, HP – hydraulic erosion-control product, 
S – straw)
Fig. 6. Mean soil temperature over the duration of the field 
study
soil temperatures of 20–35 °C, 27–35 °C, and 24–29 °C for 
germination, shoot growth, and root growth, respectively. 
Optimal ranges of temperatures for cool-season grasses 
are 15–20 °C, 16–23 °C, and 10–18 °C for germination, 
shoot growth, and root growth, respectively (Beard 1973).
Because it is important to establish ground cover 
quickly, differences in ground cover were examined after 
eight days. There were significant differences among both 
seed mixtures and bed-preparation techniques (p-values = 
0.002 and 0.013, respectively). The warm-season seed mix-
ture did not perform to the same level as the cool-season 
and WVDOH mixtures (Table 4). The native warm-sea-
son mixture was characterized by species that have slower 
Table 4. Ground cover at the beginning and end of the growing 
season for all tested seed mixtures; total biomass and biomass 
of planted species of the three seed mixtures at the end of the 













Mean SD Mean SD Mean SD
WVDOH 8 8.3 5.7 – – – –
Warm 
season 8 0.9 1 – – – –
Cool 
season 8 6.1 4.8 – – – –
WVDOH 139 98.1 1.8 42.3 12.8 23.3 16.4
Warm 
season 139 98.6 1.3 65.1 35.3 49.4 42.3
Cool 
season 139 99.6 0.7 97.6 12.4 80.3 21.9
Table 5. Ground cover at the beginning and end of the growing 
season for the seedbed preparation treatments; total biomass 
and biomass of planted species at the end of the growing 













Mean SD Mean SD Mean SD
TS, 
HP 8 8.7 7.3 – – – –
NTS, 
HP 8 6.7 5.3 – – – –
TS, S 8 2.7 2.7 – – – –
NTS, 
S 8 2.3 1.5 – – – –
TS, 
HP 139 99.7 0.8 67 31.4 39.7 34.2
NTS, 
HP 139 99.3 1.2 65.3 29.6 59.3 31.7
TS, S 139 97.8 1.9 59.2 30.3 24.8 18.9
NTS, 
S 139 98.3 1 82 39.2 80 39.5
Notes: TS – topsoil, NTS – no topsoil, S – straw, HP – hydraulic 
erosion control product. 
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after 139 days (p-values = 0.260 and 0.551, respectively, 
Table 5). The warm-season mixture was able to perform to 
the same level as the cool-season and WVDOH mixtures 
in long-term establishment (Table 4). 
There were no significant differences among bed 
preparation techniques when considering total biomass 
at the end of the growing season (p-value = 0.377), but 
there were differences in tested seed mixtures (p-value = 
0.0005) (Tables 4–5).  The total biomass of the cool-season 
mixture was greater than the WVDOH and warm-season 
mixtures. The WVDOH mixture had the most weed spe-
cies by weight, and the cool-season mixture had the fewest 
weeds. The likely reason for a high level of weed species 
is the low diversity of the WVDOH mixture (number of 
species = 4). Mixtures with a larger variety of species help 
prevent invasive or weed species from establishing (Oak-
ley, Knox 2013). The WVDOH mixture primarily result-
ed in the establishment of weeping lovegrass (Eragrostis 
curvula). This graminoid is an annual species that could 
completely die off if re-seeding does not occur. Ultimately, 
the WVDOH mixture is at risk of greater ground coverage 
by weed species because a larger area would be available 
for establishment during the following growing season. 
Further site examination will verify the succession of the 
mixture.  
Typically soils are added to cuts, but such soils are 
thinner with less available water and fewer nutrients 
than native soils (Rentch et al. 2005); the use of topsoil 
is recommended to promote desired soil properties (e.g., 
WVDOH 2010). Alday et al. (2011) found that native veg-
etation communities develop more than twice as fast on 
surface coal-mining reclamation sites when topsoil is add-
ed as compared to sites without topsoil. Mola et al. (2011) 
reported that improving top soil quality will improve veg-
etation cover when seeding occurs outside of the optimal 
season. Therefore, it was expected that the topsoil would 
improve vegetation germination and persistence, but for 
total cover, the topsoil plots exhibited few differences from 
plots without topsoil (Table 5). 
Competition introduced by topsoil may reduce suc-
cess of establishing native vegetation. Ground cover by 
species was examined 90 days after planting. The not-
planted cover ranged between 41% and 84% for treat-
ments with topsoil and 0% and 17% in treatments without 
topsoil (Fig. 7). The high percentage of introduced spe-
cies was likely due to the topsoil containing high levels of 
seed that was not destroyed or removed by the producer. 
The most prevalent introduced species was barnyardgrass 
(Echinochloa crus-galli), which is not native to West Vir-
ginia. The selection of topsoil is important to control the 
composition of vegetation. Even locally sourced topsoil 
can be laced with invasive or undesirable species, as in 
this case. If outsourcing topsoil is required, priority should 
be directed to ensure a weed-free product. Otherwise, a 
project could be overrun with invasive or weed species 
resulting in timely and costly maintenance to remove the 
undesirable species.  
There were no differences found in the amount of 
introduced species within straw plots as compared to the 
plots with hydraulic erosion-control product, but straw 
has limitations. Hydraulic mulch with a tackifier can com-
pletely cover a soil surface and bind to the soil surface 
to provide protection against erosion. Hydraulic mulch 
without a tackifier is not recommended because the adhe-
sion to the soil surface and product are important for ero-
sion control. In contrast, straw mulch does not come into 
complete contact with the soil surface the way hydraulic 
mulch does. If straw is not tacked during application, as is 
frequently observed in practice, the mulch is prone to dis-
persion by wind and rain. Straw mulch without tackifier 
Fig. 7. Ground cover by planted species at 90 days (TS – topsoil, NTS, no topsoil, HP – hydraulic erosion 
control product, S – straw)
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applied on a reclamation site north of the study blew away 
in less than eight days, resulting in a completely bare soil 
surface. Some remnants of the straw were entangled in an 
adjacent fence, indicating the importance of a tackifier 
for straw mulch application. Without a tackifier, the soil 
would be exposed and vulnerable to erosion and sediment 
detachment.   
The upper few inches of compacted soil have the 
most influence on growth (Beard 1973). To promote plant 
establishment and root development, an over compacted 
soil should be fractured between 23 and 30  cm (Salon, 
Miller 2012). Before seedbed preparation, the top 22.8 cm 
of the plot was severely compacted, which would have hin-
dered root development. After site preparation (i.e., tilling, 
compacting, scarifying, moving soil), the first 7.6 cm of 
the topsoil subplots improved and would provide opti-
mum compaction conditions. Subplots with no topsoil 
(NTS) generally had higher compaction, but the results 
still indicated moderate conditions for root development. 
Half of the subplots displayed poor compaction conditions 
at a depth of 15.2 cm; the remaining subplots showed se-
vere conditions. At a depth of 22.8 cm, all subplots were 
overly compacted (i.e., severe conditions) regardless of 
bed preparation technique (Table 6). 
For the long-term, vegetation systems should become 
self-sustaining (Coppin, Richards 1990). In general, soil 
conditions in our study were generally constant (Table 7). 
There was one exception. The nitrogen in the no topsoil, 
hydraulic erosion control product plot more than tripled, 
and these changes were unexpected. The tests were com-
pleted on a site that was previously limed, fertilized, and 
seeded according to WVDOH regulations; therefore, few 
soil amendments were needed. It was expected that the 
topsoil would improve organic matter levels. The topsoil 
obtained from Grant County Mulch Inc., a local produc-
er, met the minimum standards for topsoil but provided 
few benefits. The cost of including topsoil in reclamation 
projects is substantial. The use of various soil-amendment 
and media products is a possible solution to limited or ex-
pensive topsoil application.  These products are designed 
to improve and promote the development of an “O” hori-
zon and biological activity within the soil by introducing 
organic matter and other components while promoting 
the establishment and development of vegetation. These 
products are not a true replacement for topsoil, but in-
stead offer an alternative solution when faced with project 
constraints. 
Table 6. Compaction information for subplots; severe conditions noted in italics
WVDOH Warm Season Cool Season
Depth (cm) Depth (cm) Depth (cm)
0–7.6 7.6–15.2 15.2–22.8 0–7.6 7.6–15.2 15.2–22.8 0–7.6 7.6–15.2 15.2–22.8
Before site 
prepa ration 0 0 0 0 0 0 0 0 0
After site 
prepa ration
 TS, HP 2.5 0.5 0 3 0.75 0.25 2.5 1.25 0.5
 NTS, HP 2 0.5 0 2 0.5 0 1.5 0.5 0
 TS, S 3 1 0.5 3 1.75 0.25 2.5 0.5 0
 NTS, S 2.5 0.75 0.2 2 0.5 0 2.5 0.75 0.25
Notes: 0–0.5 – severe; 0.6–1.0 – poor; 1.1–2.0 – moderate; 2.1–3.0 – optimal; TS – topsoil, NTS – no topsoil; S – straw; HP – hydraulic 
erosion control product. 
Table 7. Soil analysis results




composite 1.0 2.6 7 79 8.1
topsoil 1.8 6.0 5 55 6.7
At end of 
growing season 
(10/29/2015)
TS, HP 2.1 2.4 3 76 7.6
TS, S 1.8 2.8 2 80 7.7
NTS, S 1.8 2.4 5 96 7.7
NTS, HP 1.8 9.4 7 113 7.7
Notes: TS – topsoil, NTS – no topsoil; S – straw; HP – hydraulic erosion control product. 
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conclusions 
This plot study evaluated experimental seed mixtures and 
multiple bed preparation techniques at a roadside location 
in mountainous terrain. The intent was to identify critical 
practices to use in general seeding and mulching specifica-
tions related to seed selection, topsoil use, and mulching. We 
found that native or low-threat species could be included 
in roadside revegetation specifications, that topsoil might 
not provide the intended benefits if it is of low quality, and 
that hydraulic erosion-control products should be used 
when quick germination is desired. Conclusions from this 
research include the following:
− Two experimental seed mixtures are presented that 
will aid in limiting the spread of invasive species. 
The warm-season mixture was composed prima-
rily of native species, and the cool-season mixture 
was composed of primarily low-threat-level species. 
When compared to the currently used mixture, the 
experimental seed mixtures achieved the target 
70% cover required to terminate the environmen-
tal permit within 12 to 27 days. This result suggests 
that native and low-threat-level species can be in-
cluded in future seed mixtures for roadside sites, 
while providing the similar level of protection com-
pared to currently used methods.
− It was expected that topsoil would improve vege-
tation establishment. While improvements in soil 
compaction were detected with the addition of 
topsoil, few agronomic enhancements were obser-
ved. Considering total ground cover and biomass, 
no statistical differences were noted between top-
soil and no topsoil plots.  Also, topsoil introduced 
a substantial amount of undesirable weed species, 
suggesting that specifications for topsoil harvesting 
are critical in practice if the persistence of nati-
ve species is desired. Future specifications should 
consider the use of soil amendment and media 
products to introduce organic matter. As these pro-
ducts are relatively new, there is often limited abili-
ty to incorporate them into roadside projects with 
in the use of current specifications.  
− Few differences were observed between the use of 
straw and the hydraulic erosion-control product. 
The main difference was that faster germination 
was observed in the plots with the hydraulic ero-
sion-control products. Therefore, if initial esta-
blishment is desired, a hydraulic product could be 
favourable over traditional mulch like straw. The 
field plot was moderately sloping, so the full bene-
fits of the hydraulic erosion-control product were 
not likely observed in this study. 
Future studies should examine these seed mixtures, 
mulch applications, and seedbed preparation measures 
at a large scale. For alternative topsoil solutions, various 
soil-amendment and media products should be examined 
to test vegetation establishment, composition, and persis-
tence. 
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